Background-The permit to build and op-
Has the prevalence of asthma increased in children? Evidence from a long term study in Israel A I Goren, S Hellmann Abstract Background-The permit to build and operate the first 1400 megawatt coal fired power plant in Israel was given provided that three monitoring systems-nvironmental, agricultural, and health monitoring-be set up near the plant. This study was carried out in the framework ofa health monitoring system which included a mortality survey, requests for health services, a schoolchildren's health survey, and an adult panel study. Methods-2nd, 5th, and 8th grade schoolchildren living in three communities with different expected levels of air pollution were followed up every three years. They performed pulmonary function tests (PFF), and their parents filled out American Thoracic Society-National Heart and Lung Institute (ATS-NHLI) health questionnaires. A follow up ofthe prevalence of respiratory conditions among the studied schoolchildren in four rounds of tests was carried out. This report deals with the changes in the prevalence of asthma, related respiratory conditions, and PFT in the data sets gathered among 5th grade schoolchildren. Results-A significant (p = 0.0024) increase in the prevalence of asthma could be observed among 5th grade children in all three communities studied between 1980 and 1989. At the same time a significant (p = 0.0172) rise in the prevalence of wheezing accompanied by shortness of breath could be observed. A similar trend could not be found for the prevalence of bronchitis and other respiratory conditions among the studied children. PFT (FEV,, FEV1/FVC) of children suffering from asthma or from wheeze accompanied by shortness of breath were lower than those of healthy children. Changes in the prevalence of background variables over time could not explain the significant rise in the prevalence of asthma among the children. Conclusions-The significant rise in asthma and related respiratory conditions coupled with reduced PFT observed in this study suggest that the increase over time in the prevalence of asthma is a true increase in morbidity and not due to reporting bias. The increased prevalence of asthma could be observed in all the communities studied and does not seem to be connected with the operation of the power plant. The first coal fired power plant in Israel is located on the coast in a semi-rural region midway between Tel-Aviv and Haifa. The plant consists offour 350 megawatt units. From 1981 the units were gradually put into operation until the summer of 1984, by which time all were operating. The permit to build and operate this power plant was given provided that three monitoring systems-environmental, agricultural, and long term health monitoring-be set up near the plant. The health monitoring programme' included four health surveys as follows: a mortality survey, requests for health services, a schoolchildren's health survey, and an adult panel study. The aim of this monitoring programme was to carry out a spatiotemporal follow up of the health status of the population residing in the vicinity of the power plant in order to be able to detect any deterioration in their health which could be attributed to the operation of the plant.
Reports about an increase in the prevalence of asthma in Israel23 and elsewhere'"2 motivated us to analyse trends in the prevalence of asthma and related symptoms among the cohorts of children studied in the framework of this health monitoring system. The aim of this analysis was to find out whether an increased prevalence ofasthma could be observed among all the children followed up, similarly to findings in other studies,2-12 or if such an increase only characterises a specific residential area near the power plant.
Methods
A follow up was regularly conducted in three cohorts of schoolchildren-ie, 2nd, 5th, and 8th grade pupils living in three communities located within 19 km of the power plant ( fig  1) . According to the environmental impact statement prepared by the Israel Electric Company'3 differing extents of pollution were expected in these communities as a result of the operation of the power plant.
Baseline data for this study were gathered in 1980, before the first unit was put into operation. The second data set was gathered in 1983 when two units of the plant were operating, and the third and fourth sets were gathered in 1986 and 1989 when all units were operating. The health questionnaire used in this survey was a translated version of the American Thoracic Society-National Heart and Lung Institute 1980, 1983, 1986 and 1989. to be completed by the children's parents. The questionnaires included information on respiratory symptoms and diseases in the children studied and their parents, as well as socioeconomic information. They were distributed to the children by the school nurses, who also collected them after they were completed. After receiving these questionnaires, the survey technician conducted pulmonary function tests (PFT) in the participating schools using a portable spirometer (Minato AS-1000).
The PFT parameters obtained were forced vital capacity (FVC) valence of cough accompanied by sputum could be observed in the four cohorts studied. Similar trends for the prevalence of asthma, bronchitis, and related symptoms could be observed among the subgroups of children living in the three communities studied. In table 1 the prevalence of background variables among healthy (non-asthmatic) and among asthmatic children (suffering from asthma or wheezing with shortness of breath) in the different cohorts is presented.
A significant decrease in the prevalence of crowded homes (> 1.5 persons/room), characterised both healthy and asthmatic children. Similarly, a significant decrease in the number of homes heated by kerosene or gas could A trend of increased prevalence of (ever) smoking mothers among both healthy and asthmatic children could be observed during the study. No significant change in the prevalence of ever diagnosed asthma or bronchitis among the parents of both asthmatic and healthy children could be observed. The rate of respiratory diseases among the parents of asthmatics was roughly double their rate among the parents of healthy children.
Logistic regressions enabled us to study the combined effect of background variables and the effect of the year on the prevalence of the symptoms and diseases.
In table 2 the odds ratio values for asthma and wheezing (accompanied by shortness of breath) are presented. The criteria for inclusion of a variable in the model were p value to remove >0.15, p value to enter <0.10. The model describing the prevalence of asthma includes the year of study as a significant factor indicating a gradual increased risk of suffering from asthma. The same holds for the model built for wheezing accompanied by shortness of breath. The models also include as a significant explanatory factor, a history of respiratory diseases among the children's parents.
The model for wheezing accompanied by shortness ofbreath does not fit (p<0. 1) the data very well-eg there is a substantial discrepancy between the observed and the predicted values.
Pulmonary function tests (FEVI, FEV,/FVC) for healthy and for asthmatic children in the four cohorts are presented in table 3. Most pulmonary function tests in the four cohorts studied were significantly lower among children suffering from asthma than in healthy children. For children reporting wheezing accompanied by shortness of breath, a trend of reduced pulmonary function tests could be observed, part of the differences were statistically significant. A similar trend could not be observed among children in whom bronchitis or related In figure 4 the summary of "events" for SO2 and for NOX during 1981-92 is presented.
From this summary, an increase in the total number of "events" measured by the monitoring stations can be observed. Part of the increase in the number of "events" originated from the operation of the power plant, but the main increase was connected with other sources, such as industry and especially traffic. The sources responsible for the "events" were identified according to the wind direction measured at the time of the event. The highest number of S02 "events" from the power plant was measured at the monitoring station located in the area expected to be most polluted ( fig  5) ; a markedly lower number of "events" was registered in the area expected to be moderately polluted. No "events" were registered in the monitoring station located in the expected low pollution area.
Discussion
Similar to other studies,2-12 we showed a significant increase in the prevalence of asthma and of wheezing accompanied by shortness of breath over the years of study. Fleming and Crombie4 compared the prevalence of asthma in general practices in England and Wales in with that in 1970-71. They found a statistically significant increase in asthma morbidity from 11.6 to 20.5 per 1000 among men and from 8.8 to 15.9 among women. Burney and his group5 estimated changes in the prevalence of reported respiratory symptoms and reported diagnoses of asthma and bronchitis in primary school children in England between 1973 and 1986. They found significant trends of an increasing prevalence of asthma and of wheeze for each annual birth cohort studied. Burr and his group69 conducted two surveys, 15 years apart, among children aged 12 years in South Wales. An increase in the prevalence of wheeze from 17% to 22% and an increase of a history of asthma from 6% to 12% were observed. Exercise provocation tests suggested that both mild and severe asthma had become 4 .8% wheezing suggest that the increased prevalence of asthma over time is a real rise in prevalence icreased rather than due to reporting bias or changes in ious 12 diagnostic procedures. iren be-
The fact that this trend of an increase in the '). Rob-prevalence of asthma was similar in all three :rease of communities, the fact that air pollution levels F asthma measured in the environmental monitoring neten 1964 work were very low, and the fact that in no 12 group other health study carried out around the power en in a plant could any deleterious health effect be that the observed, strengthen the hypothesis that this eze sig-rise in reported asthma is apparently not con-1975 to nected with the operation of the power plant but studied rather corresponds to a general trend similar to .8 years, other findings in Israel23 and elsewhere.'2 year be-
The reason for this increase in asthma and cant in-related symptoms is not clear from this study; iring the it could be due to changes in life style, to dietary changes, and to increased allergen ex-;thma in posure-subjects which were not covered in been a our study. t 
